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(54) AFC CIRCUIT FOR EQUALIZER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the equalizing 
characteristic of a radio demodulating device by 
removing a frequency deviation in a preamble section, 
through the use of a burst where a preamble signal for 
an AFC circuit is added before an equalizer training 
signal. 

SOLUTION: An AFC circuit 100-1 is provided with a 
phase difference detecting circuit 102, which uses an 
AFC non-modulating signal in preambling, receives a 
burst signal with a burst format where the equalizer 
training signal and a data signal are continued and 
detecting a phase fluctuated by a frequency deviation in 
a specified time interval, a noise removing circuit 103 
which removes a noise component included in the signal 
and extracting only a phase change portion, a frequency 
deviation estimating circuit 104 which estimates the 
frequency deviation in the preamble section from the 
phase change, an oscillating circuit 105 which 
oscillates a sine wave of estimated frequency in a 
direction opposite to the phase change direction of the 
receiving signal and a compensating circuit 106 which 
executes the multiplication of the receiving signal by 
the output signal of the oscillating circuit to remove 



the phase fluctuation by the frequency deviation. 
COPYRIGHT: (C)1999,JPO 
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(54) l&9lO%m ^tSfflAFCEIBS 



(57) (tfiE*) 

[j*ft#a] /y7y/;ncAFCffi©*taftt?: 

«U W*©WMIBHrtfcJBSaRfliaEKJ:o-raWi-#-* 
frS*Hfr£&frtt9B*£, (fc«*fls#©*fc»ffli-a* 

*fe£ L/tJBK*©jE?aaftSrS««-§-©|tffiaWIS©*«I t 

r±a»iRi#ic»si-s*i8iHiBn 0 5 ^mm^rt^m. 



I ^ ^ £101 



102 



1 r^ J 
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1 

[IS** 1 ] hej£©ffi»mfiilM{Ci3V^ 

■w/i^vrf;* ^ ^ — i? > ^fc i 5 SrSl *> 6£ < S^ffc 

AFCIslBS-CfcoT, 

-MBSflMB-fri:. ±ratKleIB©ftft&lc%R£*K ± 20 

AFClHlBS. 

[111**2] hfiafe©*MMWB*«fcisv»r» 

-svU^* 7 a— £? i 9 to < Wis 

AFC@B7?feot, 

tt^R*2?lBllS©tt];*)i;:&RS*u fiDta«flsd»fe^ , yT 

«WI**«««3feia*©tIl/jKSBM!S*t. *JfeLfc«tt 40 
«©jE3ft«fc±BSi««*©ttffi»t©*lHl t f4ii»l«J# 

tt««li»K©UA t HWBSMHS-B-i: i t «fc 

9. S«ffi-^©ffl^iS^<t^^ffi^B6S:lt»3KfV^T 

^«©dllfS©fcb^i:. ^tt^lal8&©m*^A^i: LT» 
r tic J: 5, A&ftfl»K:J:Stt«©lB]lEft*tt(irt-S 

KfifcffiJt«iaB©fflA«r«v^r, ry t>^/H»t*ic so 
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ffienttftfl%tt£l§IK©UAlc J: o T^Jg LfciftfEIg 
SlHJK©a^«&ISSr, «Wfc»©b w-=^^*T*fc 

iLt. tt{KffS^tttmaK©jR|||BllS2:MfllSl»l^fflVN 
fcB*©«SSflS#« AFC [Hlg&o 

[Ht*9U] A&ft«^£lslK&H&ls]BfrJ!lv*& 
MM* t Lfcffi&S 1 * fcttf»!ft* 2 lcCtfc©eftdMl A 

FCtaieS. 

[JSH©fttM&tt§>l] 
[0 0 0 1 1 

[3§K©J|-*-5S£fl?:»W] hfB-^Srfc 
i^S**iUfc1i©«W3S1tl;:HU «K % 
^JSMWift©*!* K 9 

^tcJ:£8U&£3MSrJft9Kt< fc»©<WU»©i(ri!:|9!tfC 
aSSflTo-*/i'»K««ft*r*MM-* A F C@»KHt 

So 

[0 0 0 2] 

[^*©Si$fi] H10K, lt*©«Wb««AFCSK© 
fllj«Sria<i-. raH»c48V^-C. AF CIhIBS 1 0 0 14, <Wfc 
§110 l©ffll£B#>*U ISJglelg&l 0 5 ©tttttfMftft* 
S r. £ fc<fc >) . S««-9-©jqa[fi:«aeE«rMflt b 

[00 03] El 1 0 lUZ.mi&1g1tt$&<omb LTML S E 

#±j*iai&i o 9t-«fc t)sm«-^sr«i^bfeu7'y*t 

B&l 0 7K^Ttr*^T/l^yXA{cJ;9:&fifi-*§-^ 
W©*«frfTV^ttJ*-t-S. 

[0004] I^^F{^SKBS«l^[Hlg& 108 »£*5V^-C, X 
?iJ«i5£tH]B& 1 0 7-C««bfcaSfll«#3R5lli:S««#*> 

p>e*SK©-r >-^/V'^*» t*fe£^-*. ^ e> fc ^ y * 
[0005] e«stes«t^tt> *6»i!iaHi«-9-»?ij©*je 

V^-ce$BB&«t5££fT5o AFCIhIISSI 0 0-Ctt, MLS 

E«Kt«i o i©vry*4j*ia»i o 9^f>ta^^iv 
si/y^srA/iu ffl^iHigsi o 6 ©m^m^-srajg 

[0 0 0 6] IfHI810 6©ttlAf-§-lt U71)#b 
ficffiJt^i-SitlcioT, A8Eftil%lcJ:S{£fg©|Bl 
fe** 5 ^tb$tu5o ffc«JtW»2©a*«r3p*&7-f/>'^ 
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9 #4 >&m&i.xm&&m&m&®& i o a vlkds- 
[0007] m&%tmm&7£®& 104 tza^xttWR 

T^RSftK^-TS. fcffJSHHlEgl 0 6 K&lN-Cgff 
£38ig@8&l 0 5tU^tS»U ^SE^iBStciS^ti 
©0lE«rJl|i*.4. ±5£©<fc p^AFClHJKlctJItSfie* 
©&*&«:. fllX-li. #5PP6-3 1119 rg 

[000 8] 10 

t v ^^g-lc tt. 4gKbS§©igj£^fcfB7j U 

&te&z>m^ Sfi«^©;g&t8Jc<i^£ff^ffi*^»x. 

[0 0 0 9] L*>U ±.i&lstc£ 5ft«£*©t£ffc»fl!A 
AFC@ttfcJ:ai||*P:Pff*>*l,*V\, 

[0 0 10] c©i 5fcW:S:©Ttc/j:$;n.fc 

[0 0 1 1 ] 

[SSMSr8¥^i-.5fc«)CO^] i*Ui. _hi£© 

^^•5o !f:fc*l©389§tt. * H5i£© 

/^S«iB^S:lt«-r 5AFC HJB&-efc o T „ 

[0012] yyr^Mz.AFcmom&mm-fir&m 

[0 0 13] ±^te£ttttiatt©tttf7lcttglE£fe, fir 

±C$HFBt*l§II&©ttl:*J 

[0014] ±^8%tt^£lB]B©ttAK:«lR3 50 
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©*ffl&fiti£ffl£i::fBSi-5JB!R(eUe2:. -LESflrflHi- 
t, ±B8IKI31&©tt;fe&K:tttt$*i. _kfEg{ifi-J§-i: 
*«E»&©ffiAflr*fc ifcfc J: 0» SflKi* 

SIB t SrWt fc^fcSffl A F C EUTCfc 5 0 
[0 0 15] W#*2©f§9§l*. * hfiHSOtimK 

S^BJ-feVT. ^^>"<^7*— ^V^ICiSSE^ 

**R9Ifc<«fc8©ffl|::|Ka>*t. aSSflro-tfA'Jllfc 

ftflratttflt^S AF C@*T?*>oT. 
[0 0 16] 7"y 7V7*/HCAF Cffl©«^lfftSrl 

XMfir**3firU £firfir##tt£©i*nmHRrtK:A& 
[0 0 17] ±^tt%f*W[§I»©ttJAl£%R£i-U ft 

[0 0 18] «UQttftfiCStt£lBll|oU/}|cflN9lEStt. 

k MlBgm«^ £ * * i fc J: 5 » $«!*-§■©« 
ttftffiglz: <fc 5#tB^W>£I& 9 Bfcv m7J-r^«fS(HllS& 

taifcKJ:!), JS**«£lcJ:a<fcfB©l§Ml5*fc*tti 

[0019] &&ffijt«iEii&©titfj«:fl!v<>T\ -pvt^ 

^J|»T*l!i«l[B««[»:«ISHS«iaK©HJ*fcJ:or|fl! 

I" ^HT^JcWjE-T 5 SrlS rt bSffl A F C 

[0 0 2 0] W*« 3 ©^K»*. fltrcm** 1 *fctt» 
**2KlBB«©Wb«fflAFC®»©ffiffi3!E*aEl» 

»jna»ft«v^«j*i:U'c, Kteffi^taiueg© 

K^L. ^*^lH]|SS©A^fi-^ft-K9#x.6^afttStt 
[00 2 1] »*«4 ©^M«. flillSK*^ 1 *fc»*ff 

2 tiE«©wb«ffl a f c ®®<Dfflte&mmm7£® 

tt % ±i^©J:5<c, ^-^ he»©$MllttRltt1Blcj3V^ 

M^-r-5AFciH]B&T-fc9. ^ niwyryT" 

[0 0 2 2] JB«*filSlcj:oTae»i-Sffi*S:*a-f 
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[0023] gftfi-f-ic^iHiKoayjffi^^^-rs 

BM£*4E£U 4Affia»I^J:95Aflr#«>AttjRfll 

MI-«fc5{fc*B£*)£Si9Bfev^cm, «4ki*i::AA-*-&. 

^*fToTV\fc«*©tt«fteJtLT, jgaMcitSfitffifc^s 
^'RH40|filJtSrlim-r'5rt*5-etr^ )o io 

I0 0 2 4] 

J:6e«BII*©i«|in»*«ibK:auS«lK:iaBl-C# 5 

[0 0 2 5] LA»U 7i-v?y^|CJ:5K5'7'7-^ 
MftfcJfc'*, 3S^t*~;M^£& J: *v^ft 20 

oppmm asafltoia— *A-»atawi«tt*^T?± 

[00 2 6] m 1 14, *5IM<oS*fflfj^*^-t-^-e*.o 
tv ffit*«l©5IMlc*fj£-t-5o ^H(C*SVNT, AFC 
IhIBS 1 0 0 - 1 14, ^s-fbS 10 1 ©ffiftcfStT fcfr, 30 

mmmmtoi o 2, $t*Bfc*!Hi8&i 0 3, 

£lelB& 10 4, »|R|hIK 105, RXfmm^ 1 0 6 t 

a»e>«fiKSixTv^5. 

[0 0 2 7] ^SSKtc/flv^tt-S^— * 

©, /<-^h7*-v5/h^ 02(c^-t- o raig^-f 
<fc?ic * hfflr*w:. ^fe-f, /y7y7";i-2 0 1 1 

2 0 2^^ tO«f-*2 0 3freai-6*jAKlfc 

oTV>5 0 

[0 0 2 8] *OE 1 KfeVT, g{iff-(§-|4, tefelcft 40 
«f©-je«PnoiBfc, J: oTaaKrr&fltffi 

$iW^*lHlfSSl 0 3lcA7J$^, ■W# I f^4^5$i# 
J*»*S5p«&»ff K J: 9 9 HWtfU titff gfcoiira©* 

[0029] »:ic$i^K?*lE]K 103 otftftttJBftttfll 
M«^[hJK1 0 4lcA73$tt, — «B*|BOffiffi»b*»6> 
^K^<l^as«^$^^ 0 &i::ja&&{|£IE£EU& 1 0 
4 ©mTJtt^StilBS 10 5 KA73 Sir,, *fi£H&ft:0>jE 50 
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K&l 0 5coffl^{*, MftEIKl 0 6lcA*3ii. P5# 
£J£ UmBlc J: 0 m&T 5 r i K J: 9 Sfifm-f^aS 

[00 30] r p LTAFCIHI8&1 0 0- l»Cfc»), ^ 
<fcSl 0 UdATJ^tu, *<0&&it&l 0 UC*5^-C I- 

[0 0 3 1] 61 3 14, #%9l<o9&t<ojtma>9S--<D9l* 
tr^-rfc 5 0 BIHKi*sv*r» gffft-J§-l4, fi£4fe 

QdiLTAF Cleli& 1 0 0 - 2 ©ffitf^tj!fflmi& 1 0 
2{CA73^tuSo 

[00 3 2] {fcffiftlftftilSIB 102 ©AAflHf- (Id, 
Qd) B*ii^*i2oK:£Mfe£;h>. -MjH^lmi/ 
>7j?/K?DiSffi|HlK9SrffliaS-a-T ( I m, Qm) itt 
ffi^^lHlES 10-1 {cAASft.. h 

(Id, Qd) fc***HEft1T5. 

[oo3 3] m*<DmmmniB}mzAt)m-%r ( a , b) 
t (c d) a>e>, ffi^ms^mtuT (x, y ) = 

(ac + bd, bc-ad) SrfflTrT 5. tt* JRMelB 
10-lOfflM* (Ix, Qx) ©«ft»:ttfl%ttr* 

*6fc*[H]i& 1 0 3JcA73^n5o 

[0 0 3 4] *HiS^j©$iW^*[H]gg i o 3 «, raiax 

0 5 K^^^©2o©5p*&7^/v^ 1 1 0d»6>fc0, 
»4\ @4{^-r<t5fc^Sr*-^5. mA<o^7^f/u 
^11 OI4n- HB©«3EII1B& 1 3 b^&mi 4 bfrb 
fc9, '>Vd?/H8mB (T) ^©51Ma5^fc5n<l©A73 

[0 0 3 5] fc*3, n-C«S»f^l4, ff#aSMji^n 
a5M<D^<^-Cfen«, ITS' V<D7t~-T?fto Z. k& 

SfcftftQttfriU fifc«S6«f««ft^i9IS. El 3©$|^ 
^*tUK 10 3 ©m7J«-^ (I f , Q f ) I4J1)S»<1^ 

m&m& 104 (ca7j $^5 0 
[0 03 6] *Hife^J<o^jS[^:<i^iftSlilB& l o 4 i4A 

r c t a n©SI^SrlBtS$*fcROMl 1 i:*— ;l/K@ 
Bl 2a>&#!/ft£jivC*$>K fM 
H^^Q f *»P> A rctan (Qf/I f) =flSrft 

0 (=6/m) R OM 1 1 <E>fctt73 1 i"<5. 

[0 0 3 7] ROM1 1 <Dttl73»4, KIsJBS 1 2 {C 

J: 9 7>7*A^T«F©ffiWS)UH5„ ASEKflSg 
*S[eIK 10 4 <DW73ft-i§- A 0 », %SlH]g& 1 0 5 (CA 
73$H5<, EJ5«5IMIhII&1 0 5©*MKW«r*Ufct>«> 

-e, ii^Ncoi i 1 1 t>©-efc 9, r-yy^ 
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* V* ? V* 1 6 t , S^t 5 -* £1218;* 2 OOR 
OM17-1, 17-2ir^?>45. 
[00 3 8] «&iMi^}i3£[e]& 1 0 4 ©W^ iflt^ 

v-VtKvw&IcA e©xf7/"eOS~3 6 0S©fS 
Srti*Pfc5.v^^LTW^^^5o i"£fc>*>, k» 
i£>\''&<n>T vzfW^**7^9 1 6©ttJ;*jl4k 48 + 9 

10 0 3 9] Tj-^y*^^ 1 6©UJ;*Jf4, 2o 
OROMI 7-lRXfl 7-2[zAJ3&tl. *fJ&i--5& 10 
fflco&j^-^as, ^r^tt (Io, Qo) iUtfflA 
£4x5o -Tft*?*.. Io = cos (k A 0 + 0 o) 2W 
Qo=sin (k A 0 + 0 o) "CfeSo 

[ 0 0 4 0 J 0 3 OjBJKIsItt 10 5 ©ffl^jft (Io, 
Qo) 14, MffiRl 0 6KA*>£*t5o ««IhJ6S10 
614, ttX$JFlE]Bl 0-2*»6>*9, AFCtsJKlO 
0-2<DAt)ig^ (Id, Qd) £, SSSIhII&I 0 5© 

fcH*i«-f§- (io, qo) tz&mm»irz> 0 

[0 04 1] r5 ttSffl«*tt. A 9ttt 

mi'V#/w©W©&ffi£'fk*§N&tH-?-5r kfrb, 

tefa^kaa*- 1 8 oaw»e> i 8 os^-crotiHrt-cm 

[0 0 4 2] Sfefc, *Bf|ft*fc:t8V*T\ ¥*&»f^©1^ 

It#Tt§„ £©«6\ AFC®»|;:j65.S*^ , !ITV 
r^fitt (m+n) ^Vtf/Pi&S. 0 3 ©ffifltIlIB& 1 
0 6©|iiAit (Ic, Qc) H*fl5»10 1tWJ* 

30 

[0 04 3] Wt#k LTtt, 5te©ft*&lff-efftW Lfc 
*, *Blili©AFC|gIJIIl!:j:5JBS[jWiS6i9SlJi5«j*»*L 

[0 0 4 4] 06 \±^m<r>^M<rmm.<n>% 2 ©WSr* 
■*-1>©t?. »**2©»IBfc»^aAft:WfelliMfl£ 

*LTVS. #l&&£0!I©> AFC0B&1 0 0- 3©$iJiSp 

fcjtttffi&inc-cfcs. 40 

[0 0 4 5] P0K*5V>T, AFClnlB&l 0 0- 3©J^ 
*»bt£ffc»l 0 1© M^- -Vi/SrtTV\ h \s—=-l/? 

[0 0 4 6] MLSE^fcggl 0 l(OW/y 

A^AiEie i o 9 «£ •? 3tmiBttm& vtzuyv** 

AFC@K100-3CA^U AFCIhIE&I 0 0-3 
■CI4. MfltlalB 1 0 6 m^Jfi-^^iiJSIil^ 1 M <fc f) a@ 
SrfMELfc*. ««IJfcMH]*2lcA2r*-5. 50 
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[ 0 0 4 7 ] iffiHK 1 0 6 m^ift-i-ii, ury^tte 

4i©lsMEJbiMftttI£Jt&. <£*BJt$fclH]B&2©tti;*j£ % ¥ 
*& 7 w 3 iz. X *) & £ &*m -e¥^f^ «rf¥ o fcm, 
ffiftSIK 4 ic «fc Q > L TiPgSi 2 4 |c A^J-f 

<5 0 

[0048] T'y 7^:/A**TWfc««*flEKBI» 1 o 

4HRlB]tt4©tittJ&;hlJNg2 4-C*D^5ri:lc«tf)ttjE 

* MfPlc J: o -CflHfr*- $ r i: jp-c* 5„ 
[0 0 4 9] 0 714, ttm<z>9*&G>J&&<r>$&z<nm& 

«*rij*LTV*4 0 *W©«|j«lc»rt:i-«AFCEI»*«: 
0 0-4-C^L-CV^. 
[0050] £ ©0014, 0 3 (C^ Lfc&tB^«tttilI]B& 1 
0 2 ©ttXJM|(|eltt 1 0 - 1 MfltlallKl 0 6©!^ 
KUlBlJft 10-2 Lt, — 3©«lgm^lHl^ 1 

0-3rfr5««lc4oTJ8 9, ttSHRKCiaK l 0 - 3 

©A^jfs-f-^^e^s^-e, %izm3-^^\^timmm 
[oo5i] &mmn\ei& 10-3 ©-#© 

A^Jlc-fei/^^lHlKl 8SrfEB-r5-tlc<tt), /yr 
^^/VEra-CI4, 5lJSIiIB&9©ttl^'fi-§-S:jl^LTS^ 
«-9-£***J|EfcffV\ *BR*ffiaK 1 0 - 3 fr« 

Ttt&NCOl 1 1 ©tb^m^-Srjl^-t-S J; 5tc§3t)# 

«^Eii6S 1 0 6 1 vxmmmmmm 1 0 - 3 

vn^o r.©«k5ic-r;h,l4\ «^»MtlH]gS©^:Sr®io-rr 
[0 0 5 2] 0 814, *56M©HJfi©^ffi©fK4©WISr 
tv^„ *W©«J«KitJS-r*AFCiaB5«r»*«F*l 

oo-5-e*trv^„ *Hife«aj-ci4, $feic0 3-e^L 

fcHJS^J©JS^iiM«l3SlelK 1 0 4|cfc5ROMl 1 
©ftfcOIC^HlBSl 1 2Srffl^^TV^5 0 
[0053] SSSn— ^^©J9ttftfllS£^/hSV^ i> 

JJ^/Wfefe *) ©teffl^kA^/jN* < - 2 OS^b 2 0^@ 
a©*g-l£f4v 0=Arctan (Q/ I ) ©tt^SrQ 
/I -CjagtL-OfTP rtdS-CtSo ^r©ifc«), ROM1 
l^v^Sfti>QR:Kt||[|Bllftl 1 2|c«fc.5SS»#ygl£r*T 
v\ ROMllia5^*y§MIJiSt5cim 

So 

[00 54] 09 £ft*|l|Jg 1 1 2©#fig^J^-T 0 * 
EK-CI4, 2o©2jt^w v^^/uft-^ I k QfrAtlZiv 
Xf&n (Q/I) ©8W*fifV\ ^»Lfciig*Srd t b 
Td0^t>d8©91f5'b ©fit tttSAt 5. ^HJ^t 1 
l4A*ffi-§" (I, Q) ©{Bft**-2 0£*>e>2 0A-Cfc 
•3, A^#ir LTO^ I Q I < I *5j*5j!:Lrv^ i: b 
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[0 0 5 5] M«)(cA/3«^-QOS±(ftK'5' hMSBI± 

;*j£*t5<, -ocoSH^lHlKl 1 3l*2f&@K2 0, it 
&[e]&&2 1, *u**iaR2 2RWHM&2 3*>e># 

So 

[00 56] #J!8:©i$@^lH]& 113 fc*JV*T, AlJiS 

2f§$^fcft-§-Qtts mn&2 3iz£r)m-fti-em 

#VM&-S-fct, it&\s\&2 1 cotU^d 7* rij iU -fe 
W-^^EIi^2 DSH^-lHlBSl 1 3 feMfiCife*** 

[0 0 5 7] Ml!!SfltQ©2fSJ;!)^^i 
-g-li, Jtt!ElH]8S2 lcoUtfjd 7§r roj 
0B&2 2lC«t9ffiH^|5]E&^P>®g[-rStfI©2f&$nfc 
m-^QdS^<D**tii^J$^o -ferV^^Hll«2 2<Dffl;ti 

[oo5 8] ^<D—m(D%m&, s^oraH^-iHiesi i 

3 -?fit>ivtc1&%:. ^fi^tia»AMm^,2 lOfflAfel 
dOHd 7*s, BfcSlHlSSl 1 2*>P>ffl^;S^5o 
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